The present research examined the interaction between genes and culture as potential determinants of individuals' locus of attention. As the serotonin (5-HT) system has been associated with attentional focus and the ability to adapt to changes in reinforcement, we examined the serotonin 1A receptor polymorphism (5-HTR1A). Koreans and European Americans were genotyped and reported their chronic locus of attention. There was a significant interaction between 5-HTR1A genotype and culture in the locus of attention. Koreans reported attending to the field more than European Americans, and this cultural difference was moderated by 5-HTR1A. There was a linear pattern such that those homozygous for the G allele, which is associated with reduced ability to adapt to changes in reinforcement, more strongly endorsed the culturally reinforced mode of thinking than those homozygous for the C allele, with those heterozygous in the middle. Our findings suggest that the same genetic predisposition can result in divergent psychological outcomes, depending on an individual's cultural context.
CULTURE, SEROTONIN RECEPTOR POLYMORPHISM AND LOCUS OF ATTENTION
People differ in how they process cognitive information. Some people are more likely to attend to a focal issue and object. Other people are more likely to attend to the field and the context. A large body of research in psychology has demonstrated that there are systematic factors that influence individuals' modes of thinking. These cognitive differences, namely holistic vs analytic modes of thinking, are fostered by culture, as holistic thinking is more prevalent in Eastern cultural contexts, whereas analytic thinking is more prevalent in Western cultural contexts .
However, Easterners and Westerners vary not only in their socio-cultural context, but also in their genetic make-up (e.g. Chang et al., 1996; Gelernter et al., 1997) . There is increasing empirical evidence suggesting a significant role for genes in influencing particular psychological outcomes, such as personality, social behaviors and proneness to psychological illnesses (e.g. Lesch et al., 1996; Bachner-Melman et al., 2005; Ben Zion et al., 2006) . Thus, the possibility of a genetic basis for culturally variable psychological tendencies, such as holistic vs analytic mode of thinking is viable. Yet, research suggests that environmental input can significantly interact with the effect of genes (e.g. Caspi et al., 2003; Bakermans-Kranenburg and van IJzendoorn, 2006; Taylor et al., 2006; Eisenberg et al., 2008; Kim-Cohen and Gold, 2009 ; but see also Risch et al., 2009 for the case of 5-HTTLPR), and culture represents a potentially important source of environmental input. In the present study, we examine how a particular gene (5-HTR1A) and culture interact to produce specific modes of thinking that are known to vary systematically across cultures.
Culture and locus of attention
Cultural analyses of cognition have posited that particular cultural meanings and practices foster particular modes of thinking (Bruner, 1996; Greenfield, 1997) . It has been well documented that there are reliable differences in the modes of thinking between people from Eastern cultural contexts and people from Western cultural contexts . People from east-Asian cultural contexts tend to adopt a holistic style of reasoning that is characterized by the tendency to attend to the entire field and attribute the causes of a social event to external situational factors. In contrast, people from Western cultural contexts tend to adopt an analytic style of reasoning that is characterized by the tendency to attend primarily to focal information, and attribute causes of a social event to internal and dispositional factors . Moreover, there is strong evidence that these differences are sensitive to cultural and environmental factors and are thus, culturally based. For example, Asian Americans with great exposure to American culture tend to show cognitive response patterns that resemble people from Western cultural contexts (e.g. Norenzayan et al., 2002) .
Moreover, these cognitive styles develop in response to the particular socio-cognitive tasks that are required in different cultural and environmental contexts, and consequently cognitive differences are found even within the same region and among the same ethnic group Uskul et al., 2008) . For instance, in a study comparing different communities in Turkey's eastern Black Sea region, members of farming and fishing communities, which emphasize social cooperation, exhibited greater holistic attentional tendencies (i.e., greater attention to the field than to the object) than members of herding communities, which emphasize individual decision-making (Uskul et al., 2008) . In short, holistic vs analytic mode of thinkinglocus of attention in particularis a strategy to direct cultural participants' attention to culturally important tasks posed by their environment. In the present study, we examined the interaction between a genetic factor and culture as potential determinants of individuals' chronic locus of attention.
Gene X culture interaction and modes of thinking Much research has found that the serotonin (5-HT) system is implicated in an array of cognitive effects including attention, cognitive flexibility and long-term memory (see Schmitt et al., 2006 for review) . More specifically, these findings come from human studies, all of them conducted in Western cultures that utilize acute tryptophan (TRP) depletion (ATD). ATD involves orally administering an amino acid suspension without L-TRP, the only precursor for 5-HT in the brain, which reduces TRP transport into the brain by increasing competition for active transport sites across the bloodÀbrain barrier. ATD results in temporarily lower levels of 5-HT activity in the brain. ATD studies demonstrate that under the condition of 5-HT depletion, people show an increased ability to attend to relevant stimuli while ignoring irrelevant information (Schmitt et al., 2000; Ahveninen et al., 2002) , and also show an increased ability to direct and focus cognitive activity on specific stimuli over a prolonged period of time (Ramaekers et al., 1995) . At the same time, animal studies as well as ATD human studies report that 5-HT depletion tends to impair cognitive flexibility, such as the ability to adapt one's behavior to changes in reinforcement once learning of a particular reinforcement system has taken place (Clarke et al., 2004; Park et al., 1994) .
Given the findings regarding cognition and the 5-HT system, we examined the role of a specific 5-HT system polymorphism that is known to influence the transmission of 5-HT in individuals' chronic modes of thinking. In particular, we examined the gene by culture interaction focusing on the C(-1019)G 5-HTR1A gene. 5-HTR1A is an autoinhibitor of 5-HT release. The G allele of the C(À1019)G polymorphism prevents binding of putative repressor proteins, leading to enhanced gene expression and reduced serotonergic neurotransmission (Lemonde et al., 2003; Huang et al., 2004) , and has been tied to neuroticism and depression (Lemonde et al., 2003; Strobel et al., 2003; Huang et al., 2004) .
In the present research, we investigated the extent to which cultural factors play a role in the association between different genotypes of 5-HTR1A and cognitive functioning. The rationale for this investigation is twofold. First, one cognitive function associated with 5-HT regards locus of attention, and this cognitive function is also known to systematically vary across cultures . Second, another cognitive association of 5-HT is cognitive flexibility (Clarke et al., 2004; Park et al., 1994) , which may influence the degree to which individuals primarily adhere to a culturally reinforced cognitive style. Increased cognitive flexibility, we reasoned, would be associated with reduced adherence to cultural styles of thinking because, at least among adults, once the learning of culturally dominant mode of thinking occurs, cognitively inflexible individuals may be less likely to switch cognitive modes depending on specific situations and the nature of the tasks. Then, it is probable that the largest cultural difference in cognitive styles is among people homozygous for the G allele of 5-HTR1A. Thus, we speculated that rather than increasing attention to relevant and focal stimuli, 5-HTR1A might shape the degree to which individuals rely on the culturally dominant mode of thinking and locus of attention in particular. Perhaps the previous studies (e.g. Schmitt et al., 2000; Ahveninen et al., 2002) , conducted only with Western samples, exhibited the pattern of increased attention on focal objects among those with the G allele because that is the dominant cognitive style in Western cultural contexts. Thus, locus of attention might differ in Eastern cultural contexts among people with G allele and G/G genotype, in particular, as individuals within those cultures may pay greater attention to the field.
In the present study, we assessed people's mode of thinking using the Analysis-Holism Scale (AHS) (Choi et al., 2007) , a validated scale that has been shown to predict cognitive differences. We predicted that the cognitive flexibility shaped by 5-HTR1A could manifest itself in different ways in different cultures. That is, we hypothesized that the cultural differences in locus of attention would be most pronounced among those homozygous for the G allele. Further, we predicted a linear pattern such that those homozygous for the G allele would more strongly endorse the culturally reinforced mode of thinking (i.e. European Americans paying greater attention to a focal object and Koreans paying more attention to the field) than those homozygous for the C allele, with those heterozygous in the middle, producing a gene by culture interaction.
METHOD Participants
Participants were 149 Koreans (74 females and 75 males; 57 community members and 92 college students; mean age ¼ 24.91 years) and 140 European Americans (85 females, 54 males and 1 unspecified; 51 community members and 89 college students; mean age ¼ 26.97 years). The Korean participants were recruited in Korea and their ethnicity was confirmed by their indication of Korea as the country of birth as well as by their name at the recruitment. Ethnicity of participants recruited in the United States was determined based on self-categorization. Participants were allowed to choose only one ethnic category out of six ethnic groups (e.g. Asian American, European American, African American, Latino American, Native American, Native Pacific Islander), but 'Other' category was provided for those who do not clearly fit into these categories or for those with mixed ethnicities. European American participants both chose European American as their ethnic group and indicated that they were born in the United States. Student participants were recruited through class announcements and campus flyers, and community participants were recruited among campus employees and from adult classes in both countries. Participants received either course credit or payment ($10 or 10 000 for students and $20 or 20 000 for community members) for their participation.
Assessment of cognitive mode
Participants completed a packet of questionnaires. All the questionnaires were translated into Korean for Korean participants using the backtranslation method (one KoreanÀEnglish bilingual translator translated the original materials in English into Korean and another independent bilingual translator translated the Korean-translated materials back to English to ensure the accuracy of Korean translation). They indicated their self-reported mode of thinking on the Analysis-Holism Scale (Choi et al., 2007) . The scale includes four sub-components: causality (e.g. 'Everything in the world is intertwined in a causal relationship'; ¼ 0.78), attitudes toward contradiction (e.g. 'We should avoid going to extremes'; ¼ 0.62), perception of change (e.g. 'Current situations can change at any time'; ¼ 0.64) and locus of attention (e.g. 'It is more important to pay attention to the whole context rather than the details'; ¼ 0.75). This last component was our key dependent variable. Each component was measured with six items on a 1 ('strongly disagree') to 7 ('strongly agree') scale, with higher values indicating more holistic thinking. Participants also completed demographic questionnaires.
Genotyping
After the completion of questionnaire measures, participants provided saliva or cheek swab samples collected with the Orasure oral specimen collection device (Orasure; for cheek swab samples) or Oragene collection device (Genotek; for saliva samples). The Oragene samples were kept at room temperature, and the Orasure samples were stored at À208C for 3À4 months until processed. DNA was extracted using the Puregene DNA purification kit (Gentra Systems, Inc., Minneapolis, MN). Concentrations were determined on a spectraphotometer and equalized across samples by diluting the high-concentration samples with water. The genotype of the 5-HTR1A C(-1019)G polymorphism was then assessed using a commercially available TaqMan SNP Genotyping assay. The SNP assay contains forward and reverse PCR primers as well as two allelespecific probes conjugated with either VIC or FAM fluorescent marker. Each PCR mixture consisted of DNA templates, the SNP-specific Genotyping assay, and Taqman Genotype master mix (ABI). PCR amplification was carried out on an ABI 7500 real time PCR machine following the PCR conditions recommended by the manufacture of the SNP probe. Following PCR reactions, the allelic discrimination program (ABI) generated a genotype plot in which samples were separated into four clusters, representing the CC, GG, CG and undetermined genotypes.
All samples were run in duplicate which in all cases were confirmed to be consistent.
RESULTS

Genotype
Koreans and European Americans differed in their allelic distribution. Among Koreans, there was a higher proportion of G alleles (7 C/C, 52 C/G and 90 G/G) than among European Americans (34 C/C, 65 C/G and 41 G/G), 
Gene X culture interactions
We conducted 5HTR1A (C/C, C/G vs G/G) X culture (Koreans vs European Americans) ANOVAs to examine the gene by culture interactions with different components of the AHS as dependent variables (Table 1) . Gender did not have any effect on the results, and did not interact with any other variables, and thus, we will not mention it further.
The ANOVA on locus of attention showed that there was a significant main effect of culture, F(1, 280) ¼ 33. We also conducted within-culture comparisons to examine predicted linear tendencies across the three genotypes in both cultures. We conducted a planned contrast assigning weights of À1, 0, 1 to C/C, C/G and G/G groups, respectively, separated by culture. Among European Americans, the contrast was significant, t(136) ¼ 2.41, P ¼ 0.02, indicating that there was the predicted linear relationship among different genotypes. Among Koreans, the predicted linear relationship among different genotypes was opposite of European Americans, although this contrast was marginally significant, t(144) ¼ À1.66, P ¼ 0.099 (for other sub-components of the AHS, see Table 1 ). In summary, our predictions were supported by the results demonstrating that cultural differences in locus of attention were most pronounced among G/G genotype participants, showing the gene by culture interaction effect. Fig. 1 The locus of attention as a function of culture separated by 5-HTR1A genotype (error bars represent standard errors).
DISCUSSION
As predicted, we found significant interactions between 5-HTR1A and culture on locus of attention. The results among European American participants were quite consistent with those of previous research. European Americans with the G allele, which is associated with reduced 5-HT transmission, showed an increased attention to the focal object, similar to ATD studies with experimentally reduced 5-HT activity (Schmitt et al., 2000; Ahveninen et al., 2002) . However, Koreans, in contrast, showed increased attention to the context, the culturally consistent mode of thinking and this was particularly the case for Koreans with the G allele.
In our theoretical framework, we examined whether culture influences the phenotypic expression of genotypes of the 5-HTR1A. Culture provides a context that affords opportunities and constraints for the development of psychological tendencies by providing reinforcements via specific norms, rules and guidelines for where to direct one's attention and how to conduct actions in given situations (Shweder, 1990; Kim and Markus, 1999; Uskul et al., 2008) . The present results show that the increased focused attention due to lower 5-HT activity might be culturespecific, and in a culture in which attention to the field and context is fostered, lower 5-HT activity does not lead to such a cognitive outcome. The present findings support the assertion that culture is not only constrained by genes, but also may influence the phenotypic manifestation of genes. Moreover, given the findings concerning the relationship between 5-HT and cognitive flexibility to adapt to changes in reinforcement (Park et al., 1994; Clarke et al., 2004) , it is possible that the 5-HT system is linked to the degree to which people adhere to psychological tendencies that are modal and reinforced in their cultural contexts.
Although the present study examined cultural difference in the self-reported use of cognitive modes, we believe that the results introduce an important issue that should be further developed in future research, examining actual cognitive processes. Thus, it would be very interesting to see whether 5-HTR1A moderates the effect of culture on visual attention. For example, Japanese are more likely than European Americans to attend to and recall contextual factors when viewing underwater or nature scenes, whereas European Americans are more likely to attend to and recall aspects of the focal object (Masuda and Nisbett, 2001 ). We would predict that these cultural differences would be magnified amongst those with the G/G allele. It is also important to consider the role of genetic predispositions for recent cross-cultural findings examining the neural correlates of these attentional differences (Hedden et al., 2008) . Increased activation in frontal and parietal brain regions associated with attentional control was observed when participants engaged in culturally incongruent tasks, i.e. context-dependent visual attention tasks for European Americans and context-independent visual attention tasks for Asian Americans (Hedden et al., 2008) . The integration of genetics with cultural psychological and social neuroscience approaches is thus an important direction for future research (Han and Northoff, 2008; Sherman et al., in press) .
One potential confound in the current finding is that Koreans and European Americans differ from each other, not only in their cultural experiences, but also in their genetic make-up. That is, it is possible that the current findings are due to a gene by gene interaction, rather than gene by culture interaction. In order to address this issue, we included a small group of Korean Americans (N ¼ 21; all born in the United States; 5 C/G and 16 G/G) who should be quite similar to Koreans in their genetic make-up but who grew up within American culture. Our results show that within each genotype (both C/G and G/G groups as our sample did not include any C/C Korean American participants), the Korean Americans' responses were between those of the Koreans and the European Americans. Moreover, among the GG participants, the Korean Americans (M ¼ 4.81 s.d. ¼ 0.96) were somewhat closer to the European Americans (pair-wise comparison, P ¼ 0.53) than the Koreans (P ¼ 0.23). Among the C/G participants, the Korean Americans (M ¼ 4.97 s.d. ¼ 0.55) were also closer to the European Americans (P ¼ 0.02) than the Koreans (P < 0.001). These results, although based on a very small sample size, are consistent with the idea that culture plays the key role in shaping the psychological outcomes of different 5-HTR1A genotypes.
In addition, in the present research, we examined only the polymorphism of 5-HTR1A. However, it will be important to examine the role of other polymorphisms in 5-HT system, such as the 5-HT transporter promoter polymorphism (5-HTTLPR) and TRP hydroxylase 2 gene (TPH2), in order to test if the pattern found with 5-HTR1A would generalize to other 5-HT genes or is uniquely associated with 5-HTR1A.
The present study underscores the importance of extending gene studies and studies revealing gene-byenvironmental interactions beyond a search for factors that predispose to psychopathology. For example, we have found that genes, 5-HTR1A and oxytocin receptor gene (OXTR) and culture interact with each other and moderate the relationship between stress level and use of social support in a sample of non-clinical participants (H.S. Kim et al., Manuscript in preparation 1 ). The cultural difference in how much people used social support as a function of stress level was particularly pronounced among G/G genotype. These studies point to the importance of examining the genetic, environmental and cultural basis of normal variations in ways of thinking and behaving.
The present research essentially addresses the naturenurture question, focusing on the constituent influence of 1 These study results come from the same dataset that was used in the current article.
Culture, 5-HTR1A and attention (2009) 5 of 7 culture and thus, proposes a different perspective to examine geneÀenvironment interactions. Much of the public discourse on genes centers on the notion that there is a clear gene that can be directly linked to specific psychological or behavioral tendencies. This simplistic understanding of the role of genes can be particularly problematic when it is associated with group differences, such as cultural and racial differences, as such a view can lead to thinking that many observed psychological and behavioral differences are fixed. Yet, the influence of genes on everyday behaviors is far from simple and the factors that moderate their behavioral and psychological consequences remain largely unknown. The present research suggests that socio-cultural factors may shape the phenotypic expression of particular genetic predispositions by leading to different modes of thinking. By demonstrating how the genetic predisposition can lead to different modes of thinking as a function of culture, our approach aims to illustrate both the impact and limitations of genetic analyses. In so doing, we hope to provide a framework to further the understanding of the complex and joint roles of genes and culture in the shaping of modes of thinking.
